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PEBRINE IN INDIA. 


BY 

(\ M. HUTCHINSON, C.T.K., B.A., 

Imperiul AyricultiOal Bactei-ioloyint. 

[Received for publication on -2nd July, lldi), | 

In a previous publiratioji of tliis clej^aitirent {liiAlcfni Xo. TA. 1917, 
of Agr. Res. Ins., Fusa) reasons verc given by the juesent viiter fur tiiinking 
that the Pasteur n^ethod of exan ination of ii rdlis, universally nunle use 
of in Europe for avoiding hereditary transinission td the ]iebiine disease of 
silkworms, requires niodifieation for suecessful a])])li( ation in India. '1 Ik* 
present paper gives a more extended account of tiie observations ujjon uliieh 
this opinion was based, arid of the experiniental data and tin; interjuetation 
of them which led to the recommendation of the revised meflmd tlmiein des- 
cribed It is lioped to puhlish a furthei- };a])er iieseri[)t i vt* of work ou othrr 
methods of eliminating or at least of e(uit rolling iiiis disease. d,»‘pending 
upon placing checks upon contan'inative lather lluin iii>o]i Imreditarv 
infection, 

Thfi Pasteur Method. This method, devised by l^astenj- no\s titty 
vears ago, consists in (“rushing the whole body ol a iiKdli in a mortar, and 
examining a small fraction of the re.snlting powder in a dio]> of water 
under a magnification of some GUO diameteis ; if ])ebrine s])ore^ are .'■een 
the eggs of this moth are destroyed. Now it will be ob\i()i;s tliat the 
reliabilitv of .aich a method must depend ujxiii the concurrence of (*ei1ain 
factors : 

(1) Easy recognition of the parasite under tliis magnification without 

staining ; 

(2) Sufficient number of parasites in the body of the moth to ensure 

their presence in tlie small sample examined. 
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The first of these requirements depends upon the presence the parasite 
in the spoiin^ condition \vhich. as will be shown later, foi'm.s a stage in the 
life-history of ^osema homhyds, when the thick cyst wall, which affords the 
necessary protection to the protozoon in its resting stage outside the body of 
its host, also h(‘Ips to giv(^ it the optical property of high refringence by which 
it may easily he recognized under the niicn)scoj)e. 

The second necessary condition is one which Pasteur showed, by numer- 
ous experiments, to be accompanied by a measure of automatic control 
inasnuich as a small number of parasites would connote freedom from ovarian 
infection, i.e., if tlie number of parasites present in the body of the moth 
were small enough to escape d('tection bv microscopic examination under the 
conditions obtaining in Europe, then infection of the eggs would almost 
certainly be absent. 

Kow ill actual practice the Pasteur method in Europe has saved the 
industry from the extinction which threatened it about the middle of last 
century, wliereas after nearly twenty years of its use in India we find Professor 
Lefroy reporting that the principal cause of the serious decline in the silk 
industry in this ccuntrv is the prevaleiu c of pebiine, especially in Bengal, 
wlicre the nu^thod was first introduced and adopted in the Government seed 
nurseries. 

It was with a viev to determining if possible whether the apparent failure 
of the method in India was due to im[)erfe(t application or to unsuitability 
under Indian conditions that the en(|uiiv, of whicli tliis paper is an account, 
was undertaken. It may be stated at once that tlie results appear to show 
that although the method has suffered severely from ignorant misapplication 
and slipshod variations, yet its failure to keep the disease in sufficient control 
is largely due to its use without the modifications which intelligent appreciation 
of the great differences between European and Indian conditions \vould have 
suggested. 

One of the first facts which presents itself to an investigator of this problem 
is the one that pehriiie still persists in Europe even after fifty years’ 
use of the Pasteur method of eliminating it. Is this due to constant survival 
of infection apart from that transmitted through the egg and notwithstanding 
the sanitary precautions and disinfection of rearing houses and seed nurseries 
universally adopted, or does this persistence imply a liniitation in the actual 
effectiveness of the method itself or carelessness in its application? It is of 
course well known that in actual commercial practice in Europe “ seed ” 
is sold of at least two grade.s of freedom from infection, cellular ” seed derived 
from individually examined moths, and “ industrial ” from those of which 
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only a certain percentage in each hatch is oxainined. Tlie actual resnlls 
of this method appear to be satisfactory, althoiigli it is t)i:it it only 

serves to reduce the number of taises of infection witliiii limits \vlu(‘li j)erniit 
of commercial prosperity. It is also ])robable that if (‘xaminatlon were sidli- 
ciently rigorous and the method itself siiffiriently iclia1)le. in a few years’ time 
the disease would he practh ally wiped out and \Mtli it would ^o much of the 
business of suppliers of disease-free seed, as eveiv rearer could j^roduce his 
own and many of them wotild probably do so. In India wc liavc* an entirely 
different condition of affairs and it is h{»]M‘d to sluiw that hy reason of such 
differences necessity arises for the use of seed of a liiglier dc'gree (»f freedom 
from disease and consequently of the adoption of a more stringent method of 
examination. 

The first and most obvioms difference bfUween lhiro})ean and Indian 
conditioas, so far a.s rearing of silkworms is ccmcei'ned. is the alniost universal 
utilization in India of multivoltine races, wherc'as in Kui'ope uni volt iues alone 
are reared. This fact by itself introduces twf) very important cjuisidera.tious, 
onedirectly aiTecting the elhcaoy of the Ta.stour M ethod as a means td detecting 
infection in the moth, and thus bearing upon hereditary tran,s]uis.sioii. utul 
another connected with the spread of the discuisc' by coiifaminative infection. 

In order to gain a clear insight into the relationshi}) of tJn^sc faciors with 
the modifications of the Pasteur method whit-li. in tlic opinion of tju' wnter, 
are essential to its sncco-ssful use in India, it will be necessary to b(‘<'(>me 
acquainted with the life-history of tlic parasite, Nnscuia. hoitihj/cis, and to 
obtain some idea of the mechanrsm of in led ion. 

Life-history of Parasite. So many full descriptions of Nosenut 
bo}nbycis have been publisiied, liy various protozocilogists that it: is quite un- 
necessary here to give more than the hare outline of its life-liistmy as o])served 
by the writer and to state that no apparent dilferences hetwetm tlie forms 
found in India and in Europe appear to occur. 

The spore or resting stage consists of a tJiick-walled cyst the internal 
structure of which can only be made out with diiliculty. Various stages 
of maturation and development of the five nuclei and jiolar filament may be 
seen in Plates I and IV. The importance of this sporogomms .stage in the life- 
cycle lies in its pow^er of resistance to external adverse (*o7iditions such as 
drought, and this power of re.sistance serves to carry the parasite. Uirough 
the period of time passed outside the body of its liost and is thus responsible 
for transmission and spread of the disea-se. An imporlant optical character 
of the spore is its high refringence which makes it easily rec.ognizahle in 
the unstained condition under comparatively low magnification (DOO-GOO) 
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(Plate II, fig. 1) ; it is this characteristic of the spore which made Pasteur’s 
system of microscopic examination a practical possibility, as any method 
involving the use of such elaborate laboratory technique as is generally required 
for the recognition of Tiucroscopic organisms of this order of magnitude, would 
at once i)lace it outside the range of practical ial usage. Spores vary 

considerably in size and in general outline (Plate 1) and also in staining 
reactions ; the normal perfectly oval outline (about t’5 pX 2*5 fj . — 3 ha) 
varies witli the stage of i^aturation. A very complete description of the 
spore is givcii by Kudo {BhJL Imp, Srri. ExpL Sta.^ Japan, VoL I, No. 1, 
1916). In actual practice it is important to be able to recognize spores, perhaps 
one or two in a field surrounded by numerous fat globules of all sizes and 
shapes ; it has been suggested that the removal of fat with caustic potash 
would facilitate this distinction but there are several seiious objections to this 
method, not the least of , which is the action of caustic alkali on the spore 
itself ill destroying the cliaracteristic optical refringency which is its principal 
distinguishing feature. 

Prom the point cf view of the seed producer, then, the optical character 
of the spore is its mo.st impnrtaiit feature ; to the silkworm rearer, however, 
its function as the resistant form of the parasite capable of securing the survival 
of the latter through adverse conditions r)f environment outside the body 
of its host is still more so. Every diseased worm throughout its larval period 
of life is shedding enormous numbers of sport's n\ingled with its foecal excreta, 
these numbers increasing rapidly with the spread of the infecti' n in the body 
nf tlu! larva. It is easy to demonstrate the iact by actual experiment not only 
that these spores are capable of conveying the disease wlieu first shed but 
that they retain their infccti\’c power for considerable periods of time even 
under the extreme climatic variations oecuiring in India. Experiments 
Nos. I"! 4 A and 1-24K (Appendix) will illustrate this point. It will be 
seen from the above experiments that in India the thick cyst wall and 
other characters of the spore enable the parasite to survive considerable 
variations of temperature and degrees of desiccation and the importance of 
this cliaracter in connection not oidy vitli the spread of the disease but its 
persistence will readily be understood. This aspect of tlie problem wall be 
referred to later in dealing with contaminative infection and general 
preventive measures. 

When the spore is ingested by tlie feeding larva, w’hich results naturally 
from the contamination of the mulberry leaf on t4ie rearing trays, either by 
the faeces of diseased wmrms or by dust containing spore.s deiived from a 
similar source, the stimulating action cf the dige.stive fluids of the gut induces 
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<TerminatioD. This process involves first of all tlie protnisioii c f the polar 
fla^^ellum (which can also be artificially induced by tl\e action of weak acids 
or iodine water) followed by emergence of the anucbula frojo. the s])oro (Plate 
II AO’S. 2, 3j 4). This motile or planont form (^lenijiel Archir. jur Pnt.; 
Fantham & Porter, .l/oo/ls 'froj}. ^Ird. d Parius^/., Nob M, “^o. 2, 19\2) of 
the parasite )')’ reason ot its aii’Ceiroiii cliaraeter is alile to pemti-ate lietweeivor 

into tko epithelial cells of the iro'seiiteron. and eitluT remains in tins situatuin 

or penetrates further into the hody cavity or deeper tissues. -Y ««■/(«( h.mhnnK 
unlike lYosemu «jns rvhich is confined to the lis.sues of tlie yul, is aWe to i.ene- 
trate to, and multiply in, every part of tlie hody of it.s host. In eillier .'ase. 
having arrived at a suitable nidus for development, the anuobula roinals 
ofi into the meront or clividing foni' uliuli has no tinther jiDWer of leaving 
the particular cell or tissue in which it finds it.self at tlirs stage tl'late 111). 
Schizogony or merogonv then coiiinience.s, uuilear division and cell loim.ihon 
following apparently precisely .similar lines and variations as thosedesenhed 
for Nosema apia bv Fanthani and I’oiter (Joe ciL) and as shown in a <■ 

The number of mcront.s which can be dcim-ed liv' niultij.l.eat.on from a sing e 
one appears to be limited onlv by the food supply and dimenoons of the 
particular cell in whreh m-erogony cotumeuced : it a.ppears 

lowever, that in eertai.r tissues, such a.s the fat body where the walls of , h- 
vidual cells are relatively thin, the physiological activity « the div d n 
meront includes the prodtretion of hvstolvfie enr.ym.es capable not on!) o 
solubilizing the contents of the host cell but of breaking down the wal s .u - 
ettiy to allow of invasion of neigdtbounng cells by the mere met lame 
pressure resulting from the rapid multiplication of the scluzont. Ih.s pom 
Is of particular interest and imporfanee ... connection 

bv the writer by repeated experiment, that resistance to^uifci on , } 

much lower in the case "elat.ve thinU.s 

^al^icany an the tissues . ..0 young and 
or fraguit) ot tne c . , , ■ , +his noint upon actual rearing 

conditions lies in the fact that sanitation for 

favourable conditions irtolltivclv smalUpace ami quantity of food 

the young latv® on accoun^ ^f ,j«,essarv''tor the full-grown, and relatively 
required as ,mably Mysore, thi.s ixisition has 

resistant, ^^orm. } sta^^e larvsc from the seed- 

been recognized to -tlie “ tn'^iesponse to popular demand based no 

rearing statron,s in P ^ ^ th^ case, no doubt, the better results 

doubt upon empirical obser\ation. 
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obtained, are due to the worms passing through the susceptible early stages 
under such relatively sanitary and hygienic conditions obtaining in the 
“ grainages ” as are rarely found in the haphazard menage of the rearer. After 
passing through the stage o[ inerogony, exliau.stion of the food supply resulting 
from rapid multiplication in the tissues of the host results in cessation of 
schizogony. Kach meront then becomes a “ sporont ” undergoing changes 
described for iVosema apis by Fantham and Porter {loc. cit,) resulting in the 
reversion once more to the spfore condition. 

The above very brief account of the life- cycle ot Nosema hombycis will 
help to make clear the following observations on the mechanism of infection 
of the silkworms by this parasite under Indian conditions, and the argum.ents 
adduced in support of the use of a modified form of the Pasteur examination 
of moths for control of pebrine in this country. 

The Pasteur Method in India, As pointed out above, the use of this 
method in Bengal has not been attended with any approach to the same 
measure of success that has been attained in Europe. It is to be determined 
therefore whether this failure is duo to imperfections in the manner of applying 
the method or to inherent unsuitability ot the latter to Indian conditions, 
or to a combination of both causes. 

As before stated, the European method consists in crushing the whole 
body of the moth in a mortar and examining a small portion of the resulting 
powder in a drop ot water under the microscope. On visiting various seed 
nurseries in Bengal where examination was going on it was found that in a 
large number ol cases the use of a mortar and pestle was dispensed with 
altogether, their place being taken by a small scrap of paper, generally news- 
paper, which was folded over the abdomen of the moth, the latter being then 
squeezed so as to expel some of the body fluids on to the fold of the paper. 
A drop of this fluid was then placed on a slide for examination. It was ex- 
plained that this procedure was less troublesome than that involved in the use 
of a mortar and pestle which had to be washed after every examination, and 
that it moreover saved time and the money which would have to be spent on 
the numerous mortars required in a gramage of any size, whereas the paper 
could be thrown away. Now, very little c nsideration or examination of this 
most reprehensible method, by anyone conversant with either the anatomy 
of the m.oth or the infective power of pebrine spores, would be sufficient to 
condemn it utterly as a dangerous and entirely inefficient imitation of the 
original one. In the first place, the result of compressing the abdom.en of a 
moth in the manner described is m.erely to discharge the fluid contents of the 
colon (Plate VI) which consist mainly of a watery suspension of particles of 
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fat (Plate V, fig. 3A) and are most unlikely to include any pebrine spores 
present in the body tissues excejtt in cases of comparatively heavy infecthm 
which alone will be detected by this procedure. Secondly, the use of this 
paper method not only* fails to detect a large peieentago of infected ca.^'s 
but the paper after use is liable to fall on the ground and be kicked or blown 
about, and if utilized on a heavily infected n-oth will bo saturated with 
pebrine spores which will be distributed on drying up so as to infect the 
w'hole examination room, and many otlicrwise disease -free layings bro\igiit 
along with the moths under examination. This danger also arises in eonnec.- 
tion with defective technique in cxaiuinatlnn rooms wjiicli permits of the 
drying up of smears on slides and escape of spores as dust bclore immersiou 
in the antiseptic bath, generally, but not always, provided to ]u'cvent thi.s. 
The writer has seldom failed to detect pebrine sjxues in the lioor dust from 
examination rooms in India even in cases wiiere tin's c floors were of 

cement. ' 

Users of the paper method claimed as an advantage the possibility in 
practice of examining 1/2U0 moths per microscope per day ; now, allowing for 
eight hours of actual work thi.s is at the rate of one moth per 24 seconds . 
it is perhaps unnecessary to discuss the reliability of such microscopic examin- 


ations carried out at this pace. 

When the proper mortar and pestk' mctlmd i> umxI tlie elianres of recog- 
nizing the presence of pehrine in flic body ol a luotli de])cnds upon tiie linly 
representative nature of the san:])!i; drawn Jor e-xainiiiai ion ; in cases wIick; 
the amount of infection is cojn]iaiali\i'ly sinaib the uneven distribiition of 
spores throughout the tissues and the vaiwiiig resistance of the latter to 
disruption and comminution dnninislies tlie chances of obtaining a good sanijile, 
which can only be got as the result of prolongcil and careliil gniidmg. it is 
largely for this reason that the important iliii'erences betweii the univoltine 
races of Europe and the iniltivoltiiie in India lia\e to be taken into consider- 
ation. In Europe a period of several months elaiises between ovipo.sition and 
hatching of the eggs ; this allows e-vamination <.f the moths to be iiiideitakeii 
at any convenient tiin.e, generally several weeks altei the laying of the (^g.s , 
during this interval the dead body of tlie moth ha- undergone natural desicca- 
tion so that when crushed in the ntortar it is easily eoinininiited and a good 
sample obtained. In India, however, in the case of multi vol tine races the 


•Plate V, fig. 3 show, the appcsiranccs found by the ordinary m.croscop.o method ol 
examination of material from the crushed whole moth (o) and from 

specimen (4) respectively. This moth would have been passed as disease-free by the Beng 


method. 
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eggs hatch out within about eight days of ovipos'ition, during which period the 
whole of the moths must be examined ; this results, even where mortars are 
used, in relatively imperfect sampling owing to the difficulty of properlv 
grinding the fresh body of the moth coiilaining as it does not only body fluids 
but the liquid contents of the colon above referred to. Actual experiment has 
shown that in the case of lightly infected moths, which, however, had produced 
diseased eggs, prolonged grinding in the mortar was required to yield obviously 
infected samples for examination. This fact would necessitate a very consi- 
derable multiplication of the examining staff if reliable results are to be 
obtaine:! except at a very reduced rate. Artificial drying of the moth, although 
facilitating comminution, does not entirely leinove this difficulty for reasons 
about to be given. 

A .second and still more iinportaiit consideration arises out of the greatly 
dimiuislied period of time between oviposition and hatching in the case of 
the mill tivol tine races. It is a matter of very general knowledge derived 
from the experience of seed rearers in Bengal, that the chances of recognizing 
pebriiie in the moth increase very considerably with the period of time elapsing 
between oviposition and examination, and in fact the latter is delayed as long 
as is practically possible for this reason. A natural explanation of this pheno- 
menon Avould seem to be afiorded by the assumption that the parasite continued 
to increase in numbers in the body of the moth even after death, but acquaint- 
ance wuth the life-history of and examination of sections affords an 

equally simple elucidation based on actual observations. As described above, 
the parasite in any particular tissue or cell of its host multiplies by merogony, 
this condition of activity persisting until the food supply avaiiable is exhausted 
when sporogony ensues. Now in the body of a diseased muth at the time of 
oviposition a very considerable percentage of tlie parasites may still be present 
as meroiits, and, as suck, entirely unrecognizable by the ordinary microscopic 
examination without staining (Plate Y, fig. 4). As the body dried up after 
death the consequent concentration of the cell contents of the infected tissues 
would inevitably render further merogony impossible, wnth the result that 
sporogony would take place. The extent to which m.eronts w'ould be replaced 
by spores wmuld no doubt depend upon the percentage of the former which 
had arrived at a sufficient stage of maturity to enter upon this next stage of 
the life-cycle, but examination of sections suffices to sliow^ that rapid desicca- 
tion , as might be expected, "will inhibit this change, so that artificial drying 
of the moths, although facilitating the process of trituration, will not increase 
the number of spores present, whereas this increase does actually take place 
w'hen desiccation proceeds at the natural rate. 
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Here then ^Ye have a simple explanation, ha.st'd on the relative vi^hilitios 
of the two forma of the parasite, of the great disadvantages attt^nding tiu' hm' 
of the Pasteur method when applied to the nuiltivoltiiie raecs of silkwurmy 
in India. It is easily demonstrable that where infection lias oeeiiriul late 
ill the life of the caterpillar, the moth at llie time of examination, a few dayjs 
after oviposition, may contain numerous meionls vliieh. lamig piuelically 
unrecognizable in the unstained condition, would alfoul no iiida at ion ol disease 
to the ordinary examination, wliereas the mim.ber of spore^ ]M'eM>iii n ny be 
so small as to esca})e detection, Poasons evil] be given in the section of this 
paper dealing more particularly evitli liereditary infection, for tliinking that, 
this infection may result from tlu' jmesenci' of a c(ni!]Kn'atively small iiiii) Ihm- 
of parasites in the body of the liost. so that if tlie pcn-eeiitngi' i*f .'-jioies t(> 
Mieronts is low, the former may escape detection even although o\:uhni infec- 
tion has taken place. 

Another important point bearing u])on the chii'iiial ion of the dnea.-n 
in India arises out of the use of multi voltinu rac'cs. Owing to the succession 
of broods throughout the year, not only is the amount oi infective n .‘iteiial 
produced, taking the form of spores derived from fmcal excreta, much gn-ater 
than is the case with the univoltinc races, but thi‘ oppoitunitics for removing 
or destroying it, cither by antiseptic measures or the operation of tin c. arc 
proportionately much les.s. For the same reason an initially iiisignilic antly 
small percentage of diseased larvm will serve to convey infcctirm by conian.in- 
ation during the season to a disjiropoitionately large number out of the Mu cceil- 
ing broods reared in the same house, this incrca.sing amount ol infection biMiig 
again made greater by the generally insanitary conditions obtaining in the 
rearing houses in this countiy. For this reaxm it is ncci'ssaiy in India to 
aim at a mucli more rigid exclusion cif hereditar}' injection than is reijiiij'cd 
in Europe, owing to the (‘umulativc effect of any initial d.iscusi‘ upon subs(‘(|ucni 
broods. It will appear iioni the toiegoing ccuisidcratioiis. therefore, that 
although the failure of the Pasteur method in India may iiave bc‘cn largely 
due to the seriously defective manner of its mu.* in the past in this 
country, yet in view of the greatly dill’erent conditions resulting mainly 
from the very general use of multivoltine races and ]»aitly from un- 
hygienic surroundings, it would seem necessary to consider tlie pos:.sibi]ity of 
introducing some modified method of applying it. Any such modified 
system of examination must not only be based upon recognitioji of the 
considerations arising out of the use of multivoltine races, but must aim 
at a more rigid standard of exclusion of disease for the reasons gi\en 
above. 
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The Revised Method. This depends simply upon localizing the seat 
or centre of infection and concentrating examination upon this point ; this 
method would depend upon whether the natural course of infection tended to 
produce such a focus and to do so in such a n anner as to render the latter 
readily recognizable and easy to examine. 8tiidy of the mechanism of infec- 
tion in the silkworm has led the writer to conclude that if pchrine infection 
is present at all in the moth it will he found in the gut, or chyle stomach, either 
in the contents or in the wall of the latter, hut very generally in both. Examin- 
ation of hundreds of specimens supports the view that the exceptions to this 
rule are of the order of less than one-tenth per cent, of all classes of diseased 
specimens, whereas, in the case of light infection, as many as fifty per cent, 
may escape detection by the m.ortar and pestle m.ethcd as used within the 
restricted period for examination of multivolline races in India. The origin 
of the exceptions referred to is due to the remote possibility of hereditary 
infection carrying on thfough one complete generation without invasion of 
the alimentary canal, but the survival of the individual and the absence of 
infection in the gut under these conditions is so in probable as to place this 
class of cases outside the range of practical consideiation. QTie revised m^tthed 
of examination consists in separation of the lower portion of the abdom.en, 
thus exposing the dark coloured and easily lecogiiizable midgut (Plate VI). 
A small portion of this organ removed with a needle and nibbed with water 
on a slide will show the presence of jicbrine spoies if they occur in the bedy 
of the moth in sufficient number to be detected by rough microscopic examin- 
ation ; the considerations leading to its adoption ii ay now be set forth in more 
detail than was given in the previous paper desciibiiig this method. 

Experimental. The experimental methods by which the following 
results were obtained depended largely upon the proper isolation of the various 
lots of larv 3 D under different treatn'cnt. Thi.s was secured by the use of wire- 
gauze rearing cages supported by cross wires over trays of water. The use 
of the latter prevented the drying up of the fmces and their dissemination as 
dust and with this dust any pcbrinc spores they might contain. Diseased 
larvBC, whether naturally or aitificially infected, were reared in a separate 
room from the healthy lots. Complete disinfection was made possible by the 
use of the wire cages and stone floors and walls. It may be mentioned here 
that experiment showed the almost complete inefficacy of copper sulphate 
solutions of the strength generally used lor sterilizing rearing houses and 
appliances in Bengal, whereas formaldehyde, either as vapour or sprayed 
at 1 per cent, strength, completely destroyed the infective power of fresh 
pebrine spores. 
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Artificial infection was carried out by feeding larvae on leaf siuearcd with 
w-ater suspensions of infected niaterial derived froju. diseased pupa' or ir(Uhs, 
examined microscopically to detenu iiie tlu* presoiu'c and ?iun]l)or of sj)orcs ; 
this method did not of course permit of nano tluin an approximation to (juan- 
titative conditions so far as the amount of inoculum, and its virulence wore 
concerned but by the use of largo luiml ors (»f worms botli under troatju.ont 
and as controls, and by taking the latter froni the same laying as the former 
and multiplying the number of experiments, cnuvincing results were obtained 
in most cases.' 

Examination of diseased speciiu.ens was carried out both bv dissect ion, 
and by direct smears, but mainly b}' iiiicrotome sectioning. A large amount 
of preliminary experimental work was carried out to deterjuino tiie most 
appropriate methods of fixing and staining. The .Mu cessful produet ion of 
sections suitable for photographic record and showing the parasitt‘ in the tissues 
required the employment of special fixing and ?taini]ig methods, the most 
successful of which for general sections invohed tlie use of either Caruoy or 
Schaudinn fixatives and of regressive staining with Jlamatoxylin and Eerric 
Alum, followed by counterstaining with eitiier Ei'Whrosin or Kosin and 
Methylene Blue. For difierentiation of s];ores and nieronts in tissue tectioiis 
a regressive method involving overstainiiig w ith Iron llaGmutoxyliu followed 
by decolorization with Ferric Alum and counterstaining with Kosin and 
Methylene Blue gave slides in which the sjuires retained tlie lia.‘matoxyliii 
whilst the dividing forms showed dillerential staining (Flate \ , fig. 4; and 
Plate VII, fig. 1). This method of course retiuircd careful watching during the 
decolorizing stage. This method of staining was also useful for free s]>ores 
(Plate IV) although liable to prodiu e shi iiikage if puslied too rajmlly. 
Giemsa, being almost uiiobtaiiiabie (1917) and of uneejtain action,* was 
but little used; this lack along witii that of ortliocliroii’atic plates 
constituted a serious difficulty in dealing with the life-hisl(u'v of the }:ai'asite. 

It was fortunately found that iifoid ordinaiy plates are sensitive to 
light transmitted by AVrattens B filter (M senes) ; this allowed fairly good 
photographs of thin sections stained with llan.at(}xyjiii and Eiwthrosin 
to be obtained, but smears showing meionts and spores in various stages 
of maturity stained with Giemsa or LeisLman could omy be photographed 
on panchromatic plates w’hich were of unknown antieputv and considerably 
lowered the quality of the results. 

* The only Giemsa stain available had been in solution for an unknown number 
years ; the dilute solution had to be used within a few minutes of making up otherwise 
nuclear staining generally failed altogether- 
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In every case parallel sections or preparations of noimal and diseased 
subjects of similar age and ^vliicli had undergone similar treatment, were 
utilized in order to minimize errors of interpretation ; in this way a con plete 
duplicate set of normal and diseased sections of all the tissues of the larva, 
pupa and moth, was obtained ; sections of eggs weie also included; making 
some 800 slides in all. 

The Mechanism of Infection, Infection originates tlnough ingestion 
of food contaminated with pebriiie spores ; this general proposition only 
requires modification to the extent of admitting the possibility of wound 
infection described by Pasteur as resulting from introduction of spores through 
small punctures in the skin of the worms caused by the spiny protubejances 
f)ii the hinder segments other worms crawling over them on the lee ding 
tray ; although this m.ode of infection may be possible the experiment iipem 
which i^asteur based his conclusion Avas not carried (Uit under conditions which 
excluded the pcissibilitv of* the sn-all percentage of infeetion observed having 
origin through iiigc.stion of spores with the food, these spores Jieing derived 
from stray portions of the inociihim used. Avhicli Avas merely intioeliiced on a 
needle inserted into the skin. It is elifiicult to understand, ir.oieover. Iioav 
spores introduced in this manner by extremely shalloAv pmu tures, Avoiild 
find conditions suitable for germination. Xiiirerous experiments n ade at 
Pusa failed to obtain any positive results Avitli this metlicd. and although 
sucli failure in India might be accounted for by climatic diferenccs. it seems 
clear that for practical piu'poses, Avliere the same climatic* factor Avould operate, 
this mode of infection may be considered of negligible importance. 

FiVery feeding worm consumes about lialf its OAvn body Aveight of leaf 
at eacli feed of Avhich some half a dozen arc given in the 21 hours, the actual 
amount of leaf A’arving Avith the age of the caterpillar. A third stage larva, 
dc., { bout half groAvn. consunres about 0‘05 gm. of leaf at a m_eal and this 
repre.scnts some 187*5 sq. Turn, of leaf surface reckoning only one side of the 
leaf. In a rearing house Avhere infection of any severity exists, pebrine spores 
can be found on every exposed surface, and even in a previously disinfected 
house, the presence of individual infected Avorms on a rearing tray will lapidly 
give rise to spores, dermed from their ficces, AA'hich A’ery soon Avill hccon c 
dispersed not only over the leaf and the tray in their immediate neighbourhood 
but over other trays surrounding or beloAv the original one. The chances of 
ingestion of spores b}^ any one Avorm will de])end then largely upon the extent 
of the surface of leaf consumed, but the actual chances of such ingestion, 
taking all the worms on a tray, ccsteris ^arihu$, Aviil depend upon the concen- 
tration of Avorms per unit of surface, so long as the whole of the leaf is not 
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coil 'limed. In actual practice in India tnily about half of the leaf is eaten, 
tha remainder generally drying up and becoming nn]ia!ata1)'t‘ Indore this 
occurs. It may be said therefore that in general, where infective spore> 
are present, the chances of infection hy i^ge•^tion of such ])o:a‘s iiuTt ases in 
proportion to the number of worms ]ierunit of teeding art'a, i.v., in proj>ortion 
to the overcrowding ol th(> caterpillars on the trays. 'Die rcMilt <d' over- 
crowding in raising the incidence of pebrine infection is wAl known, but is 
generally attributed to the lowering of resistance conso([Uent <m the nnhvgienie 
effect of such crowding and of tlie eoinjagltion for food asso<‘iatcd 
therewith.* 

The spores ingcstcil pass with tlu‘ fooil into tlie mrscntei'im or midgut ; 
here the ohltinous lining of tlie anterior portion of the alimentary tract reaves 
and is replaced bv an epitlielial oin; winch. a('ci)rtling to (u‘liucli;en and others, 
provides for the carrying out f)f the functions htith <»[ digestive si’i-i’rtion an<l 
absorption, Actual infectiim of the host depemls irtvst njion gmndnation of the 
ingested spores aiul according to Stem])el [lor. clt.). this i.v hronght about hy 
the salivary excretion and not by tlmt originating in tin' nudgnt ; this vu'W 
i.s not held by other observers (such as Zander Ihil and Kudo \\\\:\}. nf)r 
do they agree with the correlated o])inion that auto-inl'ect ion. i.c.. fncvli iufci- 
tlon ari.siiig from spore.s ai'tually originating in the sum* host, does not o(‘cur 
in the silkwornn If germination of tlm s}'Oi'e di'peiaU iijjon its art i vat ion hy 
the salivai’v secretaon and caniKjt result from the sliii iilatnui ol aii_\ otliei 
body Huid. then it a])pears jirobabh' that Stem}i<'ls rluliim on this latter 
point would be correct. Kmio (/nc. cit.) dnes not aei.mi tins view hut la-li.-ves 
germination to depend upon the dig(‘stive juices of (he midgiil : this theory 
would allow of the geimination of spore.-^ (ojiumI in the gut ejntheiirm ami east 
out into the liiniem such gernonation giving ri>c to froli tnbrtion (auto- 
infociion) in the same liosL So far as the writer's oliservalion.s bear njxm 
this .subject they lead to tlie following conclu>if)n.s : (1) Tiiat germination of 
pel/rine spores probably takes place more readilv Jn tliu aeirl med.inm fonmf 


* It is very prol)able that onP o£ tbr effects of oveivtowding is the er.nsmnption r.f il.e 
dried up leaf, or rather of portinn<= r.f U winch w-uld ord.uanly 1. hdt o.much.d nwmg to 

the natural insUuct of the eaterpma. 

and partly dried leaf IS evidently i-o jali < ■ i * i ,«#« 

ofehang/s ia the leaf ti.s„o d„e merely to lere of eHmsrur- , to nmre erm^lieatO ..ne 

associated witl. respiration or the action of intr.aeellular -oiry.neo , 0 - art.fien,! y mdue,. ! 
hunger, due to overcrowding and eonserp.ent eompernon for f..od, w.ll to .some .-xt mt ner. 
come the natural instinct wloeh protects the sdkworm from consu.n.ng unsmtahle food. 
This point is of interest as helpoag to explain the well-known sensitu-eness ol J’' 

unsuitable conditions of rearing, and the diflicnit-y expenencod m carrying out th.s nperst.nn 

on a factorj’, rather than on a cottage scale, 
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in the lower half of the midgut than in the alkaline secretions of the pro- 
ventriculus and upper end of the former : (2) that germination is not confined 
to the alimentary tract but may take place in other situations as the result 
of the stimulating action of enzymes or ferments' connected with metabolic 
processes other than digestion ; this point will be dealt with later in discussing 
hereditary infection, : (3) that auto-infection -will depend largely upon the 
original infection of the larva having taken place early enough to permit of 
maturation of the spores from which such auto-infection is to arise. As 
has been found by other observers (Stem.pel, Kudo, loc. cil.), several days’ time 
is required for the completion of sporogony, and it will be seen on examination 
of Plate I, that maturity of the spore as indicated by protrusion of the flagellum 
is arrived at by successive stages, before the completion of which gerniination 
cannot take place ; hence auto-infection implies the lapse of sufficient time 
for the complete life-cycle of the parasite, including the maturation of the 
spores, between the origin'al infection and the secondary one ; in the case of 
hereditary disease auto -in feet ion might occur in the early stages of larval 
life, but where this has resulted from contaminative infection through spores 
ingested with the food, secondary infection is not likely to be found until a 
much later period. 

Germination of the spore results in the protrusion of the polar filament 
(Plate II, fig. 2) and the emergence of the ainoebula ; this is a minute oblong 
irregular shaped mass of protoplasm, containijig two nuclei which either 
unite to form the uninucleate piano nt ” described by Stempel as subsequently 
multiplying by division, or remain as nuclei of daughter cells arising from 
direct division of the parent amoebula (Kudo). The WTiter >Yas unable to 
decide which of these methods or whether both of them appear in the Indian 
silkworm. In the case of Nosema apis Fanthain and Porter {he. cit.) have 
already described the entry of the amoebula into the epithelial cells of the gut 
of the bee, and although the writer has not been able to observe this pene- 
tration actually pr oceeding, it is easy to confirm the occurrence of this process 
by consideration of serial sections of artificially infected larvae. 

As the infecting spores enter the gut niiugled with the food they will 
naturally be carried for some distance along its length by the peristaltic current 
before germination can take place, if this occurs as a result of the action of the 
digestive secretions of the mJdgut ; if, how'ever, as Stempel supposes, such 
germination actually takes place only in the foregut, then wx should expect 
to find infection most pronounced in the fore-end of the midgut and falling 
off in intensity towards the hinder part. This, how^ever, is not the case where 
auto-infection has been prevented by examination of larvae at short interval^ 
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of time after artificial infection ; Plate Yll. fi^. 2 ^hows the iKoiit in the 
midgut at which such infection first occurs, this point invariably being son e 
distance from the opening into the pro vent riculus, and suggesting bv its 
position not only that germination takes place liist in the n idgut. hut that 
the point of earliest infection of the epithelial cells of tlie gut uall is juiitly 
determined by the translational effect of the periMaltie euireiit. This latter 
factor is of importance in considering tlie question of re,M>t;iiu c to iidceti(m. 
It is a well-established fact, easily confirmed by e-\periu’ent, tliat Mu h resistance 
is higher in the case of well-fed larvic kept under liygimic coiulitions : smh 
worms eat largely and rapidly, and the peristalti(' current and ]Ki^>age of fa'<*cs 
are regular. Xo doubt there are many otlier po,s^ihly ])re]K)ndeiant causes 
underlying natural resistance, but it seems clear that th(“ p(M i>taItic ciment 
plays a part in reducing the surface of tlie gut actually e>;]H>s( d to penetration 
and thus lessens tlie total amount of infection, 

Examination of gut sections of recently infoetcr! wours .dmws. as would 
be expected, that in the majority of ca.ses infection tukes })lace at llu* bottom 
of folds of the gut (Plate VITT. fig. 1). wlierc tlie gfuminat ing sj)or<‘ and the 
emergent amoebula have escaped into a backwatiu' of the jicristallic eurr(‘n1 
and there, no doubt helped by the protruded tlagcllum. have nucained iu 
contact with the wall of the gut long enougli to allow (d ju neti-alion. it 
must be remembered that the amo'bula, set free aJrohg^t the food in tiie luncn 
of the gutj has first to penetrate, the periirojdiic men braiie. vliich, being 
a ebitinous tissue, might be sii]»posed to afi'oid consideiahle ](‘si^tan(e to its 
passage ; there does not appear, I'owever, to b(‘ any evidenci* in fa.v()ur of tlio 
supposition that resistance to infection iii.jilies any comic (ti<t]i betw(>cj! a 
healthy condition of the host and more pei lcct dovadojanent of this membrane 
either in the direction of complete continuity accmipanicd by frcMb m from 
rupture, or greater thickness. With ttgaid to lin* li)>t point, examination 
of numerous specimens showed that in diseased (jiebrini.M d) ]ar\a‘ there, is a 
decided tendency to imperfection in the peiitiopiiic n cmbi'ane possibly <lue 
to the effect of the •disease upon the sick ting c(‘lls cJ the proventriculus in 
which it originates ; such in^peifections n ay take tlu' fmrn of actual solutions 
of continuity in the envelope itself, or. in n ilder (ascs. of uneijual tliii kiaas 
predisposing to rupture. The principal function of tli(‘ jauilrophic imn biane 
would appear to be the protection of the epithelial lining (ells of the midgut 
from any disruptive mechanical action due to contact vitJi liaid poitioii.s of 
the food (such as fragments of midrib of the leaf;, during the powerful mus- 
cular contractions of the gut wall incidental to tlic proca^sses of feeding and 
defoecation. Considering the extreme tenuity of tlie membrane it is remarkable 
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how free from ruptures the majority of those examined coming frcm healthy 
worms wa,s found to be, when tested in water by inflation with air from a small 
glass in flat or. On the other hand this W'as not the case with diseased worms 
although it has not yet been ascertained whether this was caused hy in:peifeet 
original foin:ation or subsequent deterioration ; tbe resulting condition however 
is an effect and not a cause of infection ; its bearing upon the spread of the 
disease to otlier hosts is important and will he discussed later. 

Any increase in the thickness of the peritrophic men brane might be 
considered beneficial as likely to heighten resistance to penetration hy the 
parasite, but the only instances within the WTiter^s experierxe of such thickening 
have been associated with a diseased condition resulting from bacterial infec- 
tinn ; these instances occurred in “ Eli (castor oil plant) silkworms 
ricini) suffering from an intestinal complaint re.'^embliiig “ fiacherie ” due 
t<» bac'terial fermentation accompanied by great thickening of the peritrophic 
membrane ; in many causes this menrbrane was invaded by the intestinal 
bacteria wliieb did not however appear to enter the cells of the gut wall. 
Plate Vill, fig. 2 shows such invasion accompanied by enormous thickening 
of the membrane ; the result of this thickening was very evident in every cne 
of some luindreels of sections examined. Without any exception an apparently 
entire absence of digestion of the leaf (in this case castor — Jxitimis) in tlie 
gut was observed ; this could be infeiTcd not only frcm the unaffected condi* 
tiou of the fragments of leaf (Plate IX, fig. 1), but from tlie absence of the 
viscous fluid resulting from the action of the digestive feimcnts uiicn tliese 
fragments whieli is a characteristic feature of the spaces between these latter 
in the healthy gut (Plate IX, fig. 2). It is clear that this condition is due 
in part to the obstniction offered by the thickened peiitK^phic membrane 
to tbe intci mingling of the digestive secretions of the epithelial tells with 
the food in the lumen of the gut. No doubt the acid reaction frequent!}- 
a.^sociated with tire bacterial fermentation of the feed characteristic of this 
disease would seriously interfere ^Yith the action of the digestive ferments 
(8aw-amura, BuJ. Col. Agr. Tokgo, Vol. IV). It is not .dear hrjYV far this 
interference with digestion is responsible for the death of the affected w'orms 
but it seems evident that this very m.arked feature of the disease differentiates 
it as a bacterial infection from other cases of flacherie ’’ in w'hich no such 
condition seems to have been observed. In any event it will be obvious 
that any thickening of the peritrophic membrane must inevitably interfere 
with the normal processes of digestion and for this reason could not have any 
favourable influence even if tending tow-ards prevention of invasion of the 
b])ithelium of the mesenteron by the pebrine parasite. Some variation in 
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tMckncss does undoubtedly occur but this is only beiui^ due to 

deposition of mucus on the side next to tlir (‘jutbelial roils by exrioiinn from 
the latter ; this deposit can be distin^^uisiied Iron! tlio nrininal teombrauc by 
two observed facts: (1) the actual onunciuc of invasion of ihc n \n ous layer 
by the pebrine parasite followed by luerojionv there in. wliidi has not been 
observed by the writer in any chitiiinns tiss\ie (I’latc X. 1); fJ) by dilfer- 
ential staining with Cotton Blue which easily stains clntinous tissues only 
penetrated with difficulty by ordinary stains. The very ^leat thickening of 
the peritrophic nieiiihrane in the diseased Kri worm ahovi> described, 
seems to be caused in this manner as a result of the stimulatlmi of tlie 
epithelium by bacterial toxins formed in the gut, and as the membrane is 
brought into close contact with the wall of the gut by the jnessiirt' of tlie food 
contained in it, there would appear to lie no dilliculty in tins a^.MllnJll^()ll. 

The amcebula having pas,sed through tlie j)eiitrophii‘ meinhranc jienetratcs 
into the epithelial cells of the wall tlie gul. Th^s naoemciil carries the 
planont to varving distances so that in >on:e com's it conies to jest in tlie 
secretory epithelium of the gut wall (TIntc XI, fig. 1}. wliilM. in niiiers it is 
found to have penetrated as far as the liody ( avity wlieri^ it mav <Mi1er otlicr 
organs such as the muscles, fat bodies, silk gland nr even tlu' n ore distant 
hypodermal cells just below the cutiele itsell (I’latc XI K llg. I). At a later 
stage of the disease, or where this is diu’ to hereditary inflation, c\i‘i\ ti.ssiie 
of the body may become infected ; Fanthain and I’oitiu' {/or. (ul.) have jauntixl 
out the inferior deadlinc.ss in this resj>i'(t I'l A’osoee iipi.-. tlis »iowfli ol wlncli 
is almost entirely confined' to the yut altlimiyli the jilaimnl i.s eaiiahl.r oi 
penetration into the hseraocceiie. ffuiils of the body o! the bee. In tlie case of 
Nonema bombycis the, mode of pcnetralioii seems 1o indu-ale a cenlriliitial 
rectilinear movement varying m e.xtenl, possible with itidiviiliial planonts 
or with the re.sistant eharacter of the invaded tissues, hut not siige,.sii„o any 
chemotactic influence, in determinin.g its direction or leiminalion .so much 
as a varying supply of initial energy. On an aveiape tins sui,]rly wonhl ap]>ear 
to carry the majoritv of planonts about as far as the ends of itie e)>itlielial 
cells furthest from the lumen of the gut. : here Infedmn first beiomes obvious 
(Plate X, fig. ,V) four days after artificial infecfioii by feeilmg; one or two 
days later infection appears in the tvo museulai iajcis, Onulai and longi 
tudinal, surrounding the gut and very shortiv after this in adjacent organs 
such as the silk gland ; Plate XII, fig. 2 illustrates l eiv even the onentation 
o' infection 'with reference to its point of aiigin in the gut , u, viill be si in 
that infection has taken place only on that side of the silk gland adjacent 
to the gut. The' laterjappearancc of infection m other tissues is therefore 
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probably due merely to tbe f^maller number of more active planonts which 
reach these more distant situations, and become evident only w'hen merogony 
has multiplied them to a recognizable number. It is a noticeable feature 
of infection in younger larvee that this appears to spread more rapidly and to 
more tissues than i.s the case in caterpillars of m.ore advanced stages of growth. 
This is a point of some im.portance in consequence of its bearing upon the 
relative resistance to infection of older as compared w'ith younger larvae ; 
it does not seem necessary to assume that the greater power of difiuse infil- 
tration possessed by the parasite in the latter is entirely due to lack of resistani e 
or more easily penetrated tissues ; a simpler explanation would seem to he 
that the average actual range of movement of the planont remaining unchanged, 
the relative smallness of the host would suffice to account for apparently 
greater penetration. These considerations do not of course afiect the amount 
of infection likely to be found in any particular organ which will naturally 
be greater in proportior. to its proximity to the point of origin, this in the 
case of contaminative infection being the gut. It is also obvious that those 
organs immediately surrounding the gut are more likely to be infected tlian 
more distant tissues merely owing to their interception of radially moving 
planonts. 

Meiogony. The planont, having reached the limit of its range of travel, 
rounds off and becomes a meront which proceeds to grow and mmltipiy by 
schizogony in the manner previously described. Judging merely by the 
numbers present in varicjus tissues, the most suitable environment, and with 
it the most rapid multiplication, is found in the fat body. In this organ 
it appears that, once Invasion has taken place, the whole mass will rapidly 
become full of parasites not confined to the particular cell or cells oiiginaily 
invaded but extending throughout all those in the vicinity ; it seems indeed 
that the meront in this tissue is able to pass from one cell into those adjoining, 
being able to do this possibly on account of the extreme tenuity of the cell 
w'alls which may give way either to an enzynm excreted by the parasite or 
merely to mechanical pressure caused by multiplication and growth of the 
latter. No direct evidence of this means of spread has been found by the 
writer nor -would it seem probable from the nature of the case that such evidence 
would-be forthcoming. On the other hand, the infection in a fat body is seldom 
or never sporadic in character but closely compacted, only adjoining cells 
being affected and in such a manner as to suggest very strongly the gradual 
spread of infection from one cell to those immediately next to it (Plate X, 
fig. 4). Examination of sections has not showm any reason for supposing 
that multiplying ineronts are able to break dowm the outer wall of the fat 
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body, as this would lead inevitably to tbelr est'ape in ^reat numbers into the 
hsemocoelic fluid where, so far as the writer's experioiue goes> tiiev are but 
sparsely found in seetions of larva*. It is of interest to note that in soii.e 
sections of younger larva' heavy infeetion of the miiseular tissue is found 
surrounding fat bodies entirely uninfected; in any nf these eases nuclear 
division in the colls of the latter suggests this ei)m]iarat!N e iniuiunity to be 
due to resistance arising from active giaiwth. It n ust be remrinbered, however, 
that such apparent resistance to infection on elos<’r imjuiry may resolve itself 
into resistance to multiplication by ri crogony rather than to invasion by the 
planont. One alternative to these mitlmds would involve tlu* su]ipositiou 
of a rapid speeding up of tlie life-cvde of the jiarasite when situated in the 
fat body with the production of spores and their germiiuilloii ot followed 
bv the production of planonts whose juiatrative power would ensure the 
spread of the disease to the adjoining cells. Another alternative wtiuld 
depend upon the exi.sterice of a (dieirotai tie diAerndiiatinn uf the direetiiui oi 
movement of planonts wandering in the IneiiMieo'lie lliiid wliieli would lead 
to a relatively greater infection of the fat body. The writer lias not so far 
been able to collect evidence in support of ('itlier of tliesc altm-nalive hypo- 
theses. Plate III illustrates the absence, of spnaid o{ meronts into adjoining 
cells in the case of the epithelium of tlie gut ; lierc inf(‘etion is sfridly ciudincd 
to the particular cells in which it vas originated by j)laiiont iienciratiom 
Plate X, fig. -I shows the very comjrlcte ndestatioiwd t he lat bodv. hantham 
and Porter, in discussing the reciju'ocal relationships of parasite and lio.st 
in the case of Nosenia apis, i‘a!i attention to the existence of a lialo or 
annular ring of altered material surrounding the mcront in the epithelial 
tissues of the bee. and suggest that this repress its eitiicr. as Steni})el thought, 
solvent action by an enzyme excreted by tin* meiont or a dilferenee in the 
concentration of the fluid part of the cytojilasm surrounding the lattei induced 
by its absorptive action. These clear •annular spaces are not so obvioii.s 
nor on so large a scale in the writei s paraffin sections but their undoubtiu 
occurrence suggests that the action of the meront on the tissues of the host 
might very well include a solvent one capable rjf breaking down tliiii (til 
walls such as are found in the fat body. somewhat sin ilar mode of spread 
appears to take place in the muscles. 

Although the parasite very probably e.vcretcs soKent eii/snis as an 
accompaniment to, and in furtherance of, the pioee.ss of ncio„on\, 
appears certain that no specific toxin is produced at the same tin.e tapa e 
of affecting the general vitality of the host. This opinion is base upon 
observation of the enormous number and general dispersioii of the parasites m 
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individual hosts which may nevertheless continue to live, feed, spin cocoons, 
come to maturity as moths and perhaps lay a full complement of eggs, even 
although practically every organ and tissue of the body has been invaded 
by the parasite. 

Nosema bombycis is capable of infecting and apparently multiplying 
in every tissue of the silkworm, including nerve ganglia (Plate XIII, fig. 1), 
excepting only the chitinous ones. This power is not only of in;poitance 
as affecting the general well being of the host but has a special significance 
in connection with the hereditary transmission of the disease, inasmuch as 
it renders probable the entry of the parasite into the generative organs 
especially those of the fernale ; this question will be dealt with more particularly 
in considering hereditary infection. 

The most impoiiant function of merogony in the life-cycle of the parasite 
is the multiplication of the latter which takes place during this period ; the 
rapidity and extent to which such multiplication takes place in the invaded 
tissues of the silkworm fully makes up for the production of only a single 
spore (mon{).sporogony) which characterizes alike Nosenm howhycis and Nomna 
apis as Panthain and Porter have pointed out. It may in fact be argued that 
this method of nuilti plication is of advantage to the parasite as merogony 
takes place under conditions where growth is facilitated by the abundance 
of nutrient material, whereas sporogony in many cases may be carried out 
in unfavourable surroundings. 

As has been pointed out above, the dissemination of the disease is largely 
due to accidental distribution of faeces containing spores. It may be of interest 
to inquire in what manner the latter, formied as a result of merogony in the 
tissues of the larva, find their way into the unassimilated food tlirown out 
of the alimentary tract. It might be thought that rupture of the epithelial 
cells of the midgut, as a consequence of their infection and the subsequent 
multiplication of meronts, would suffice to produce this result, but such rupture 
does not appear to occur in the silkworms to any marked extent. The irregular 
growth of the infected cells which may be observed in sections {Plate XI, 
fig. 1), carrying them sometimes above the line of those in their vicinity, 
probably tends to produce rupture as a consequeiK-e of their interfei-ence 
with the passage of the food in the gut, but the protective action of the peri- 
trophic membrane seems to be adequate to prevent such injury from occurring 
with sufficient frequency to account for the enormous nun: her of spores 
which may be found in the lumen of the gut and in the fseces of diseased wonr s. 
On the other hand Fantham and Porter have pointed out that in the bee, 
digestion depends upon shedding of secretory epithelial cells, containing 
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digestive fluid, into the lumen of the gut, and this process uhidi also occurs 
in the larva of the silkworm is sufficient to account for the (airving into tljc 
gut of such meronts or spores as liave been fonueil in these secretory cells. 
Plate XI, fig. 2 shows secretory cells full of digestive tliud at the base of the 
epithelial layer. Plate XIIL fig, 2 shows one such cell following the normal 
process of outgrowth into the lumen of the gut preparat{>ry to absiriction 
into the latter. The fortunate circum.staneo that this cell is full i)ebriiH‘ 
spores makes its point of origin and mode of growth junticulaiiy clear, ]n 
the case of the younger larva' this mode of outgrowth is son.ctimcs followed 
by shedding of the complete coll, nuiiibers of whicli n:ay be found free in tlie 
gut (Plate XIII, fig. 3). In the later larval stages a])])ar(uitly only the ujvper 
part of the cell is ab.stricted into the gut wheie its iKpnd contents c.MuijH' 
either by osmosi.s or rupture, Such abstrictid ( clU or “( ell buds " arc of 
common occurrence in the lumen of gut sections. Plate W\\. fig. 4 shows 
an infected cell-bud nipturing in the gut and releasing its ( onteuts. amongst 
them being pebrine spores which would normally ])a.ss out with tiie fai'cs. 

Fantham and Porter {loc, cit.) have suggested that this n (tliod of e.xcrition 
might serve as a means of diminishing the severity of the disease in tlie bee, 
by throwing out into the gut parasites which wmuhl ttheiwi.M* rcii ain in Ihr, 
tissues of the host ; this effect does not seem to follow in tlu‘ siikworin as the 
development of infection in the case of 'oung larvas in wliuh this ojrfpuv 
digestive process is moftt pronounced, is n iKh ii.oje rapid (hxpenment ])) 
than in later stage caterpillars. Moreover auto-lnfection would }>robab]y 
be increased in amount in proportion to the extent to whidi spores were 
thrown into the gut as a result of this process. 

In an alternative proces.s described by Geliuchten for Ptychoptera {La 
Cellule, 1890, VI) the digestive fluid is expelled froju tlu' seeretfirv cells by 
rupture of the latter as a result of increased iiitra-cellular tension ; tiiis also 
occurs in the .silkworm especially in the later stages of larval growth. Ihis 
digestive excretion takes the form of a thick viscous fluid <‘oiitaining a liigh 
percentage of albuminous n-atter ; there is no obvious icasoj) for tiiis transfci 
of semi-solid material from the secretory cells into the gut in jilace of the 
excretion of diffusible ferments by osmosis, but the conjectnie Jidght be 
hazarded that the final relea.se, or perhaps even formation, of digestive ferments 
from these excreted vesicles depends upon an interaction between the latter 
and other substances, such as the salivary secuetion or pos.sihly enzymes from 
the food, already present in the gut. This airangement would tend to simplily 
the problem of avoidance of autolysis in the .secreting cell, and would also 
explain why pebrine spores which germinate under the inducnce of the digestive 
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fluid in the gut, do not do so in the epithelial cells producing this apparently 
physiologically stable secretion. 

It must be remembered that in the healthy larva these digestive cells 
and their secretions when set free in the gut are still separated from the food 
substances by the presence of the peritrophic m.embrane. The digestive 
fluids, or some of them, no doubt pass through the latter by osmosis and so 
reach and act on the food ; it has been pointed out above how this action is 
interfered with by thickening of the men^brane as a result of disease. The 
spores of the parasite, however, cannot pass through the peritrophic membrane 
in this manner, and although their occurrence in the fscces might he accounted 
for by their passage along the annular space between the wall of the gut and 
the membrane, yet their presence in the lumen of the latter intermingled with 
the food (Plate XIV, fig. 1) cannot be explained in this way. Dissection of 
larvae immediately after moulting shows that the peritrophic membrane is 
not shed with the other chitinous tissues at the time of eedysis, nor indeed in 
view of its mode of form.ation and endogenous origin would this be expected. 
Artificial infection expei'in:erits, moreover, demonstrate no coincidence between 
appearance of pebrine spores in the faeces and the time of moulting. Daily 
examination of faeces shows the constant presence of fragments of the peri- 
trophic membrane therein, and it seems clear that the protrusion of this struc- 
ture beyond the anus which would follow from its uninterrupted growth is 
prevented by rupture against the protnilerances in the rectum consequent 
on the strong muscular contractions of the latter (Plate XIV, fig. 2), 

Examination of diseased caterpillars, however, show^s that in most caseii 
the irregularity in thickness characteristic of the peritropluc membrane even 
in healthy specimens becomes exaggerated to the extent of com.plete solution 
of continuity, in some cavses apparently as the result of mechanical rupture. 
It seems possible that the thickening of the peiitrophic membrane car sed by 
the deposition of secretions from the epithelial cells in norm-al health may he 
necessary as providing the additional strength required to prevent or repair 
mechanical rupture by the ingested food. In the diseased condition described 
above as due to bacterial invasion this natural thickening process is exaggerated 
until it interferes with the digestion and so with the health of the infected 
larva. In the case of pebrine, on the other hand, the imperfections and 
lacunae observed as associated with this disease n.ay he the result of an opposite 
process, cessation of the normal strengthening secretions leaving the membrane 
too attenuated to withstand the rupturing tendencies of any hard fragments 
of the food. Owing to the folding of the m.embrane it is very difficult to follow* 
its outline and determine its continuity or otherwise, even in transverse 
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sections, and in most longitudinal ones tliis is impossible even \shen strictly 
median sections are selected. Dissection and sectioning, however, demonstrate 
the fact that the peiitiophic membrane in pebrinized larvae is imperfect and 
easily ruptured, and it seems probable that rupture commonly <>cc\ir.s in such 
cases through the mechanical strains set up by the. combined action of bard 
portions of the food, such as midribs of the leaf, an<l muscular contractions 
of the gut incidental to peristalsis. Through such r\iptuics or lacuna> the 
accumulated masses of spores will pass from the annular space between the 
epithelial cells and the peritropbic membrane into the lumen of the gut and 
from thence will be carried with the undigested lesidiu' of the food into the 
proctodoeum and finally thrown out with the faeces. The writer does not 
feel satisfied that this explanation is completely sufficient to account for the 
appearance of great riumbers of spores in the fceces within a few days of artificial 
infection with ingested spores. There is no evidence in support of the theory 
of merogony followed by sporogony in the lumen of^the gut itself which nught 
account for such multiplication, nor for the alternative one which supj)oses 
that such m.erogony might take place in the oesophagus, the resulting sj)ores 
being then earned with the food through the oesophageal valve into the lumen 
of the mesenteron. There can he no doubt that inlcction thiougli ingested 
spores takes place first in the niidgut, and the spores appearing later in the 
fseces must be the result of merogonal multiplication in the epithelial cells 
of this portion of the alimentary tract. One other explanation suggests 
itself as possible ; owing to the close approximation between the pentropluc 
membrane and the epithelial cells of the gut wall when food is present in the 
stomach it is conceivable that the protrusion of llie setrctoi) cells ..bo^e 
described and figured, might lead to rupture of the memhianc and the passage 
of these cell-buds, with any contained spores, throiigli the latter direct into 
the lumen of the gut. Unfortunately the writer has net so far been able 
to obtain conclusive evidence of such a happening, although the pre.3ence 
of such cell-buds in the gut apparently within the circunierence 
peritropbic membrane ^Yould lend support to such a conclusion. _ 

Experiments to determine the period of time between artificial in cc- 
tion bv ingestion of spores and appearance of the latter m tne faeces 
show that this is of shorter duration than m Europe (Pasteur, loc. cU.) 
and suggest a more rapid passage of the parasite through the c 

stages of Its life-cycle in this country, probably as a consequence o th 
higher average temperatures. The bearing of this factor upon n.e . ' 
combating the spread of infection requires further rnve.tigataon together w,th 
that of the resistance of the spore to outside influences tending to destroj its 
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infective capacity. A beginning of this investigation has been made and has 
ncluded some experiments to determine the effect of desiccation, of tiii'e, 
sunlight and antiseptics (Expeiiments K, M, K) upon the viability of the 
spore. Other experiments have aimed at getting som,e quantitative measure of 
infective capacity (Experiment R) m.ainly with the idea of developing a 
method for future use in connection with the inquiry into modes of eliminating 
contaminative infection, but also with a realization of the value of in poiting 
quantitative methods into biological researcli whenever this is possible. 

Hereditary Infection results cither from infection of the ovum by pene- 
tration of the parasite (true hereditary infection) or from contamination of 
the egg by contact with infected paits (ovary or ovipositor) of the female 
moth. Infection of the ovum may involve (1) actual invasion of the tissues 
of the embryo, (2) mechanical inclusion of parasites in the cJubryonic gut 
cavity by invagination or otherwise during (level opm.ent of eicbryo, (3) rou- 
tam.ination of young larva^ just before emergence by 'inge.stion of the residual 
yolk mass containiiig spores. Vrobably infection of the ovum itself can 
only be effected by tlie actual nuitile forui (plauont) of the parasite and this 
can only occur before formation of the chorion, ie.. in the pupal ovary. The 
possible spread of infection from one cell to aiiotJier. not by planonts but by 
n)p,:onts, as a consecjueuce of eiizyn e secretion by the latter, seems to lake 
place in tlie fat body as .suggested above and may happen elsewhere, but is 
not likely to explain ovarian infection uor n.ovement of the parasite in the 
egg from yolk to embryo ; this \\o\ild piobably reijuire not only a concentration 
of the enzyme only obtainable a.s the result (d close contact between the 
parasite and the cell wall of the tissue 1(i be invaded, but iil.s(} pressure upon 
the latter resulting from crowded giowth of (neionts in the originally invaded 
cell ; this condition would not obtain in the egg. 

There is no conclusive evidence of ififeetion through the micropyle as the 
result of fecundation whereas there are luimci'ous cases of infection in the 
pupal ovary. Ovarian infedion has been observed in the pupal ovary both 
as recently entered planonts though small in numbers, num.eroiis m.ejonts 
resulting from division of the former, and as .-spores. 

Planonts, so far as can be judged fronr observation, probably do lurt retain 
their motile character on entering siritable ti.s.sue but rapidly become meronts 
and undergo schizogony, nor do they reir ain in the gut of the larva for any 
time after emergence of the amcehula from the spore hut at once make use 
of their motility to penetrate the gut wall to distances varying with their 
original store of motile vitality, and with the thickness of tissue and resistance 
to penetration. It does not appear probable that all the meronts found in 
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fche pupal ovum arrived there as the immediate result of the ^L^eiti i nation of 
spores in the larval as this vould necessitate tl.e assumption either that 
the originating planonts had existed as such in other parts of the larva or jaijia 
for several days before penetrating the oviini itself or that thev lam anted in 
the latter situation for this length of time without iimhugoing the usual ri (uc- 
gony with its accompanying degree of n.u tiplication 'I'hcse arc the alter- 
natives demanded by the currently accepted tlu'ory I'f the i ause i f ^nn inatim 
of the spore, i.c., that this only occurs as the resutt ol tlie stimulating ai tiou ol 
the digestive fluids of the larval alimentary canal. On Die oDum hand it 
is easy to find numerous planonts in the gut ( iivit v or yellow b(alv of Die }ui]u 
after as long a period as ten days' pupation (in the rold season in India), ne.. 
in the absence of digestive fluids as such ; thesi^ ])lanuMts no lioiibt giv(‘ rise 
to the ovarian infection above referred to as wi'll as to that of other in aginat 
organs in the process of formation. It appears probable that the new ( roj> 
of planonts owes its origin to the germination of spores in the juijia indueeil 
by the stimulating action of the various enzvn ic secretions charaeteristic 
of the extensive anicebocvtosis accompanying the metamorjihosis. and this 
supposition would account for the occurrence of obviously recent ml eel ion 
in such situations as the interior of the ovarian follieh' and of the ovum itself. 
Sectioas of infected eggs show the juesenee of parasites, ii o.Dly as ilividing 
meronts, during the earlier stages of th.e development of the embryo (Plate 
XV, fig. 1 ), whilst spores arc found to prejionderate latfU’ (Plate XV. fig. ’I). 
Now^ although numerous parasites may be found botli in the egg and in ti e jiisl 
hatched larva, in the majority of instances tJiese are mainly confined in the 
former either to the yolk mass or to the alimentary tract of the <*mbryo, ami 
in the latter to the lumen of the gut (Plate XV, ligs. I'> and 1). In som.e 
instances however we find actual invasion of the tissues of tlie emliiyo itself 
and it is difficult to avoid the conclusion that such invasion implies tlie jire.seme 
of planonts in the ovum itself, and consefpiently Dial the. gem inaDon of 
spores may go on in the yolk mass or elsewhere. It i.s of course merely a matter 
of conjecture whether such germination is elfecDul by enzynu's assotiated 
with the ovum as a whole or actually secreted by the ileveloping embryo, but 
the actual presence of unmistakable spore, s in tlie cells of the wall ot the gut 
of the embrvo onlv five days after oviposition as shown in Plate X\ I, fig. 1, 
suggests the former alternative as necessary in this instanci* at any rate. 

Numerous cases are found in just hatched larvtc of infection of othcj. 
tissues besides those of the gut, tliese ai.o) nipporting the sujipr sition that 
actively motile planont forms of the parasite are present in the egg at a late 
stage of development. 
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The invagination characteristic the formation of the embryo in the 
egg of the silkworm accounts for the merely mechanical inclusion of numerous 
parasites present in the cytoplasm or yolk mass and the consequent relatively 
large number found in the gut of infected larvse recently hatched, but the 
number of parasites in this situation is certainly added to in many cases by 
the habit of the larva of swallowing the ren^ains of the egg contents just before 
emergence Br. Lepidop!., Voh I, 1899) (Plate XVI, fig. 4). Larvse 

starting life under such conditions will seldom go through more than two or 
three moults and will never spin cocoons, much less carry on to the next 
generation as egg-laying moths. This early doom is a fortiori inevitable for 
those in which the tissues have been invaded whilst still in the embryonic 
state. A characteristic feature of infected eggs is the m.arked preponderant e 
of meronts over spores in the majority of instances examined. This would 
follow naturally supposing infection of the ovum to occur n:ost]y in late stages 
of its development, as appears to be probable. The importance of this point 
so far as Indian sericulture is concerneel lies in its bearing upon the use of 
microscopic examination of tlie egg as a n pans of detecting disease. As 
has been pointed out above in the multivoltine races so largely used in India, 
the egg hatches out in less than ten days after oviposition, thus cutting down 
the time for examination of the eggs to a period which is extremely short when 
compared with that possible in European countries, where this method of 
detection of pebrine is sometimes used as a subsidiary additional one. As 
the unstained meront is practically indistinguishable and in such a rich nutrient 
medium as the egg sporogony is probably considerably delayed, m.any highly 
infected eggs might escape detection if examined withiii a few days after 
laying, as they must be in this country, and for this reason alone egg examin- 
ation by the ordinary microscopic methods can never become a practical 
method in Indian sericulture ; it appears doubtful whether, even in Europe, 
it can afford any really reliable indication of the presence or absence of 
pebrine. 

The infection of the ovary and subsequently of the egg itself is naturally 
a matter of chance, but this chance will depend largely upon the extent of 
infection of the larv^a, i.c., upon the actual nun -her of parasites present in the 
latter when it arrives at the pupal stage. This again will be determined by 
various factors such as the number of spores ingested with the food, the earli- 
ness of the stage at which this takes place, and the, extent to which natural 
resistance comes into play. The egg tubes in the later stages of pupation 
occupy a very considerable proportion of the body cavity and are so disposed 
round the alimentary canal as to form a likely mark for planonts emerging 
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tihiough the walls of the latter (Plate XVII). just as is the silk ^land in 
the larval stages of development (Plate XVI II, fig. 2). Tliis fact forms 
an additional reason for supposing that examinaticm (d the gut of the n oth, 
derived as this organ is directly from tliat of the ]n 5 j)a, will aih.rd good 
evidence of probable infection of the eggs should parasites be f<Mnid by such 
examination. 

The Metamorphosis. The derivation of tlie gut of the motli frotu 
that of the larva in the Lepidoptera. referred to above, is j>f cours<“ a fact 
well known to entomological science. In the case of tlu' silkworm it is illu.S' 
trated by Plates XX to XXTV, which are rd' particular interest in eonnertion 
with this enquiry as show'ing the rapid disiiit('giation (>1 the original sujterllc ial 
epithelial lining of the larval mesenteron and its rephu urcuit early in tlie 
meiamorphosis by a new' set of colls. Tlio old (ells are M'])aratcd froo} tlie 
underlying new' ones by a division apparencly veiy sijmlar to tlial wliu h takes 
place w'hen the middle lamella of vasdilar plant tusm> js dcstioyul by the 
secretion of pectase by an invading bacterial parasite. The tM v.vWs come 
away as a more or less complete layer (Plate XXI IP tig. 2) soon times as 
early as wdtliin thir ty-six hours fronuon.moiu ( n ent of jHijiatntn in the sun ii er 
or forty-eight in the w'inter. AVitliin twelve lioiirs from this abseis^ioll. howevei', 
disruption appears to set in and in another forty-eight liours flu* layer of dd 
cells has broken down into fragments in which tlu' .'■line lure of the original 
cells can hardly be distinguished. At the end of tlie period ol pujiaticm. which 
varies in India from 18 days in the cchd weatluo' to <S days in the liot weatJici 
and monsoon, the gut cavity of the pupa contains oih}’ a ri ass of slim 1 ulcle^.s 
material (the yellow body) (Plate XXIT. fig, 2) which ^lpparelltly loses son 
of its moisture, but persists with its original cojjtent ot pcbiine sjiorcs directly 
derived from the larval epithelium (Piatc XXW fig, 2). as the daik brown 
mass found in the gut of the moth. This brcnMi gives to tlie n oth's 
stomach its characteristic colour, easily seen tJirough the (bin walls p>f epi- 
thelium surrounding it, and thu.s rcndeiing easy it.^ identifh ation as tlie part 
for examination by the writer's method {Ux-, c;/,). it is to be noted that no 
voiding of the contents of the ston ach oi inteslims takes place* dmiiig or 
after pupation, .so that the brokem-down r. mains of tJie (.rtginal epithelium 
with any content of spores originally pn.ent will be found in flic stomacli 
of the moth. It m.av be of interest to mention tJ.d m the n ult.voltine silk- 
worm the new epithelial lining tissue of the imaginal gut does not seem to 
originate from separate imaginal buds siiiiated at intervals aicund the cir- 
cumference of the intestine hut appears to be formed as a continuous outgrowth 
or proliferation of the basal cells of the original seiretoiy layer ; this n elhca 
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of formation will help to account for the very heavy infection sometimes 
found in the epithelial cells of the moth's gut (Plate XXIV, fig. 2.), as it is 
not necessary to assume that most of the parasites found in this situation only 
arrived there at a comparatively late stage of the metamorphosis, as it would 
be if the theory of the development of these cells from isolated imaginal buds 
were adopte<.l. 

During the metam.orphosis the development of the ovary is carried to 
a point at which the form.ation of the ova arrives at an advanced stage ; it 
has been shown that the situation of the ovarian tubes surrounding the gut 
must render the form.er highly liable to invasion by planonts originating in 
and leaving the latter, and it has been suggested above that the active 
ammbocytosis proceeding in the pupa may very well be a direct cause of 
germination of any spores present at this stage. This suggestion is supported 
bv examination of material derived from the pupal gut and by the demmnstrably 
a tive infective nature of such material, which further negatives the idea 
that the ferments characteristic of amcebbeytosis have any serious destructive 
efiect upon the parasite. 

The presence of recently entered plaiionts in ova in the pupal ovary 
(Plate XIX, fig. 1) containing no other form of the parasite appears to be 
sufficient proof of infection at this stage, and their probable origin in the gut 
would emphasize the importance of this organ as a focus of the di.sease. It 
has already been argued that invasion of the ovum itself, as distinct from, the 
epithelial cells of the ovarian follicle, can only result from the presence in the 
neighbourhood of the ovary or in the latter itself of active planont forms ot 
the parasite after the ovum has been f orm.ed and before secretion of the chorion. 
An alternative but unlikely method above referred to would depend upon 
invasion of the ovum as a result of merogony in the epithelial cells of the 
ovarian follicle accompanied by breaking down of the intervening cell walls 
in a manner similar to that apparently taking place in the fat body and above 
discussed. The much n:ore substantial tissues involved even in the pupal 
ovary (Plate XIX, fig. 3) seem to render this supposition an improbable one. 
No doubt in cases of invasion of the egg tubes such as that illustrated in Plate 
XXVI, fig. 2, showing heavy infection and hypertrophy of the lining 
epithelium in the egg tube of a diseased moth serious contamination of the 
eggs daring ovi position would occur, hut this would he entirely superficial. 

It has been found by experiment at Pusa that infection of the eggs 
of a moth could sometimes be obtained by artificial infection of the last 
full meal of the larva, i.e., som.e twelve hours before spinning (Expt. 0, 
No. 4). In such cases the actual amount of infection present in the 
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moth will necessarily be small and so will be the ehanees of detettin- 
It by^ the ordinary method. Plate XXVI, fig. 3 shows the presence 
infection m the gut tissue of the jHipa six days after ino(.u!atiun. In 
Plate XXVI, fig. 4, infection is seen in the gut of the ir.o^li ; these 
specimens were taken for sectioning from an.ongst 30 individuals iu the 
experiment referred to above. No spores could be found in any other pait 
of the moth except a few in the Malpighian tubes and the sn.allne.ss of tlie 
whole am.ount present would render detection by the total tiituratimi n ( tlied a 
matter of considerable hazaid. Here then we have a ea.se in n\1u( ]i het cdilaiv 
transmission occurs in spite of the lateness of the tin e of info tion and of the 
consequent paucity of parasites present which would, in default of a-.tua! 
evidence to the contrary, seem to negative such a possibility. Although u 
smaller percentage of infection, both of motlis and their pngmy. nay nsult 
from such late entry of the disease yet this infctticn ai.d henditaiy tians' 
mission can and does occur under these conditions, and unless a method of 
examination is made use of capable of deteiting it m the until tiie seed will 
be passed as disease-free and will go out to infect tlie otheiwi.^e iiealthy broods 
of the rearer unfortunate enough to have it foi.^tui on him. 

It was .stated earlier in this paper that reasons exi>tc(i for thinking that 
the gut of the moth might be consideud as tliKt jxntion of its l>ody in wJiiih 
infection would most easily be di^tecird by the oidinaiy mien.M'oj'ie iietliod 
01 diagnosis as adopted in the grainage. 'rhis argument is based iij)on tiie 
following considerations drawn from the obseiwations iijxin tlie meehanism 
of infection above recorded and described 

(1) Meronts are not recognizable under the oi dinar v rmcroscojm- diagrmds ; 
only the spore form of the parasite can be detected in tliis manner. 

(2) vSince the processes of mejugony aid ^])oi('gm!y nijuiic the lap.ve 
ot time to bring them to con pletiom spores are tlie noie liki'ly to be found 
in tissues in proportion to the period of tiii:e since tiie invasion of thi.* 
latter. 

(3) Spores are therefore most likely to be found in those tissues earliest 
Idected, eipecially as in these situations u tvosony will s<«ij)est be bioiiej,,, 
to a conclusion by failure of the food siippl}' aii<f will be folluwtd by >jMiioyin). 

(4) The tissue earliest infected is the epithelium of the midjint of tlie 
larva ; infection can be demonstrated as oceurriiio lint in this situation, by 
the presence of ineionts, and later of spores b- th in fresh prejiarations and n. 
microtome sections. 

(5) Study of the metamorphosis demonstrates cleariy the identit)' ot these 
epithelial cells of the larva[with the gut contents of the moth. 
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(6) Owing to the relatively mature condition of the spores in the epithelial 
cells of the gut an to -infection is more common in the neighbouring tissues 
than in other parts of the host ; in the moth this process appears to result 
in the infection of the new epithelium of the gut so that this part of the imago 
becomes a centre or focus of concentration of the parasite, not only by reason 
of -the persistence of original spores in the Ixuren. but of the formation of a 
fresh supply as the result of auto-infectioji. 

Reasons have also been given for thinking that this collection of spores 
in the gut of the n:oth may be added to by the sporogony of parasites originally 
present in the basal epithelial cells of the larval m.esenterom 

Reference has already been n:ade {p. 18t3) to the uneven distribution 
of the parasite in infected n:oths and the consec^uent possibility of overlooking 
disease in examining lightly infected individuals. Kumeious instances have 
come within the writer’s experience of infection occurring only in the gut 
of the moth and not apparent in outlying tissues. In the writer’s opinion 
such localization of the disease, although implying very light and probably 
late infection, does not rem.ove even the probability of infection of some at 
least of the eggs, owing to the close proximity of the pupal ovary to the gut 
as a centre of infection. If this opinion, based as it is upon the observations 
recorded in this paper, constitutes a sound deduction from the facts reviewed, 
there appears to be no escape from the conclusion that the elimination of 
hereditary infection as a source of pebrine in the multivoltine silkworm in India 
cannot be effected. by the Pasteur method as practised in Europe. 

In dealing with the elimination of pebrine it is very necessaiy to appieciate 
the fact that the spread and persistence of this disease are contributed to both 
i)V hereditary transmission and contaminative infection. It must he ren em- 
bered, however, that although one diseased individual as an egg-laying moth 
may be responsible for the production of 200 diseased laivse, yet the m.ain 
increase in number of affected worms will be due, especially in India, to the 
contamination by the infected faeces of the lieieditarily diseased individuals 
of tlie food of all the otherwise healthy caterpillars in their vicinity. Were it 
possible, or rather practicable, to eliminate contaminative infection con:pletely 
the disease would almost certainly disappear, as hereditary infection cannot 
continue through three consecutive generations owing to the rare survival 
to the egg-producing stage of larvae infected ah ovo. Elimination of hereditary 
infection, how’ever, although it would, if complete, he an immense step in the 
direction of elimination of the disease itself, would not necessarily have this 
result. The parasite if present in the rearing houses at the outset could be 
carried on, in India, from one generation of silkworms to the next and frojn 
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one season to tlie following one. producing disease in oacli. merely by tlie 
contaminative processes described above ; the incidence of tlie disease would 
no doubt be greatly reduced and the conse-iueiit inortality lessened oxving to 
^the absence of ovarian transmission, but tlie diseasi^ would alwiws be there 
so long as no effective measures were taken to redtu e or abolish purely con- 
taminative infection. The retention of viruhuice bv the spore form of the 
parasite over as long a period as six months in the jilaiiis of India, as shown 
by the results described in Experiment K- If), makes elear tlie most serious 
difficulty met with in dealing with the elliuination of pcbrine in tins coiinirv. 
Although it is quite probable that this maxin.un' jiei it d observed is an oxocp 
tional one, and also that a high percentage of the siaires present m tin* duM 
of a rearing house lose their ehectiveness as ])rodueers of disra.se afttu- a shortn 
period of time, yet there can be no doubt that in the abseiu r of dli. lent means 
of sterilization, the disease can be carried ovri in India from thr md nf uiir 


season to the beginning of the next by the persistence of infection in this 
form. We have here again a difference between Kuro]>eaii and Indian 
conditions, unfavourable to the industry in tlie latter countrv, and due to tht“ 
prolonged period of rearing consequent on the nuir.erous broods of the miilti- 
voltine races. In Bengal rearing may begin in March and (‘ontiniie until 
November, thus leaving a comparatively short period for infeetion to die out. 
This subject requires careful investigation in or tier to arrive at a just estimati* 
of the relative importance of hereditary and contaminative iiiftM tiori and of the 
possibility of dealing effectively with the latter as well as witli tie* former. 
It does not appear probable, however, that the persistence of pebiiiie in ]fijr(»j>*^ 
after fifty years of examination of moths by the Pasteur method is due lUdireU' 
to contaminative infection, and this is certainly not lhe case in India. Cnii- 
tamiiiation is due to the resistant nature of the spore form of tlie parasite 
and the only apparent method of avoiding it would seem to depend ujioii 
antiseptic measures resulting in tlie destruction of all spores piesimt in the 
rearing houses. It will be readily understood by any one conversant with 
Indian conditions how nearly any such method of dealing with the problem 
approaches the impracticable ; the spores themselves in incalculable numbers 
are distributed over every exposed surface both of floor, walls, ceiling, and 
rearing trays. In Europe where stone or biick with perhaps woi'deri floors 
and ceilings present cleanable surfaces, contamination may be ke]>t within 
bounds by periodic disinfection, which is also rendered ea.sier by tlie fact (>! 
only one brood being raised in the year ; in India, however, the numerous broods 
of the multivoltine races commonly in use not only enornmusly enhance the 
actual amount of infective material produced, but reduce the opportunities fur 
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netting rid of it by disinfection . The silk industry in India, moreover, depends 
upon the success as silk\^ o^m rearers of such individuals of the cultivating class 
as find time and inclination to practise an art the knowledge of which has been 
handed dow.n merely as a cottage industry subsidiary to agricultural practice. 
Men of this class depend largely upon their womenfolk and smaller children 
to conduct the various operations connected with the rearing of the worms, 
and these latter are gerieraflly carried out in the more or less vacant spaces 
to be found in houses built as a general rule entirely of mud, bamboo, thatch 
grass, and cowdung ; the floor and walls being of earth provide great quantities 
of du.'it and harbour innumerable parasites, which are carried by currents 
of air so as to infect thoroughly everything in the dwelling, including the 
clothing of the rearers, who in this way spread the disease from their own houses 
to others which they n:ay visit. Very little of any practical value can be done 
to remove contannnative irife( tion from the rearing houses of this large class 
of producers of raw silk* ; the only help that can be given to eliminate pebrine 
is to provide thcjn with diseasc-fiee seed and information as to the value of 
ventilation, of proper spacing and diet in enabling the worms to arrive at the 
spinning stage in spite of the infected surroundings which seem unavoidable in 
houses of this class. It is obvious that seed cocoons raised in such surroundings 
mu.st inevitably produce a high percentage of diseased moths, and that the best 
chance w'hich exists for the improvement or even the survival of the silk 
industrv in India rests with the provision of an unfailing and reliable supply of 
disease-free seed. Even in the case of the univoltinc races this has been 
abundantly demonstrated by cxpcvicncc in Kashmir, where the success of the 
industrv has been practically bound up with the yearly importation of fresh 
seed from Europe. Much m.orc is it likely to be tiue for the multivoltine 
races of the plains w ith the cumulative infeUive cfifect of the successive broods. 
No intermediate host appears to be necessary for the com.pletion of the life- 
cvclc of 't^osema bomhycis as we know' it at present, and as a consequence 
of this fact and of the still more important one that the cycle itself can be 
completed within a few' days’ time, as showm in the experiments on artificial 


♦The writer has sug^^eated the use of paper lining-s for ceiling and walls in. the rearing 
hnuse.^. with the idea of burning these at f'-equent intervals and so keeping down the 
accumulation of infective material, but owing to the present high war price of paper it has 
not been possible to experiment with this method on any large scale. The principal 
difficulty remains in the nature of the floor and the impracticability of preventing dust by 
watering this. Something may probably be done by the use of calcium chloride to overcome 
this trouble, the hygroscopic nature of this salt making it eminently suitable for ensuring a 
constantly moist condition in earth floors watered with a solution of it, at any rate for 
several months of the year. 
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infection above cited, the introduction into a veavinj, hoi.M. of a sin.dc .li.ca.cd 
individual will inevitably lead, in the absence „f adcHuat.. antiseptic in, ..Mires 
to infection which may, and probably will, persist as a source of d.-ea-e i.i 
a constantly increasing percentage of all siibse,,tici,t bro.uls in ,1,.. allVcIcd 
house. 

Some idea of the importaiKO of contaiinnaint' iiift-dioH in India n av 
gathered from a general description of the ii.ctliods nf mai ing ilm n iiltivtiltinc 
races as practised in Bengal. Iiialarge mimbcr of di^ruts tlm maicis jm jiidke 
their chances of starting ^vitli disoase-ficc ,^cm d fidin tlu' on^tt ]>v n fn.vin<- 
to take this in the form of layings of eggs direct fmm tin* graina-t‘. and in>iMing 
upon being supplied with seed cocoons. Their ])riiu-i])al irax.ns hn iJ,ls are 
that they wish to be a,ssiired of the quality of the silk ai d .d tlie saii e iiii'c 
to get some idea of the healthiness of the stock Irtni! the tharactin- df iJm 
cocoon. The re, suit, however, is that althougli tlu‘ d from whieh mu h nocomis 
were raised may have been disease-free at the lime of ovijM.Mtiom tlietr i.s m> 
certainty that infection is ab.seut from tlic cocoons, d [nnn contini inalion 
occurring at some period of tJie intervening larval stage. ivaivr in I!rngal 
raises five main broods in the course of the \ ear : (I) Maivii, {:!] Ajuil- May, 
(3) June-July, (4) August-tSeptembfu , (5) (ktobfu- Xoven Ixu'. Jn addiiuoi 
to these he m.ay also rear subsidiary interniediaf e brncdN for m-kI and in .^on e 
cases a winter rearing i.s also carried out in Decduher .lunnarv Id hi nary. 
Now if the rearer carried out complete disinfection of liis icaiing luntsr hthvneii 
the broods, and obtained a fresh supply of di>-eaM'-fr( i' seed from (lie (Jovi i n- 
ment grainage for each one, the cunuilative efl'eet of tin* ( ontaminative ink dion 
above referred to as being of such importance would nol come into ojidaiinm 
This, liowever, is far from being the lase in Ihuigal. 'Flic jaaiier. hcgiuning 
as shown above with possibl}’ infectid seed eocoon.^, ptociads to rtuir a more 
or le.ss continuous serie.s of broods thiouglumt the year, eai h one adding 
enormously to the possibly small an:ount of infective jiehrine spores originally 
present, and each successive one inevitably containing a higher ]>er( (‘iitage 
of diseased individuals owing to its derivation from a jnrdecesMir i cared 
in the midst of contaminative infective material. It has been sbovn that mu* 
feed of infected leaf even a,s late as the la.st day of larval file is ca]»ab!e of 
initiating hereditary infection, and although this is probably an exd]>tionaI 
case, still there can be no doubt as to the extreme rapidity with wbieli the 
combination of hereditary and contaminative infection can produce and spread 
the disease under the co.nditions obtaining in the reai’ers houses in Bengal, 
and indeed in any part of India where the multi voltine race is mede use of 
without strict preventive measures. 
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It ^Yill be obvious from consideration of tlie above conditions of rearing 
that the importance of providing the Indian rearer with truly diseasedree 
seed can hardly be exaggerated. In the writer’s opinion tlie present want of 
confidence Jn nursery seed exhibited by the Bengal rearer is directly to be 
traced to the faulty method of examination which has for so long been made 
use of in selecting it. Had a really effective and critical method been adopted 
it is probable that the rearer’s experience of its reliability %vould have taught 
him not only to make more general use of it than is found at present, hut 
would quite probably have led to his preferring it to his own for carrying on 
from one brood to the next in mid season. It is also probable that the experi- 
ence of such 1‘earers as began in newly built houses w ith co^njiletely diseasedree 
seed would have had so great an educative effect in teaching not only confidence 
in the Government grainages, but also some glimmerings of the value of cleanli- 
ness, that great advances might have been made in Bengal, as they have 
been made in other parts of the Orient. No greater mistake in policy in dealing 
with the conservative niihded Oiiental peoples can be niade than the introduc- 
tion for their use and ostensible benefit of a Western method before adequate 
investigation of its appropriateness to Eastern conditions. The Pasteur 
method w'as hastily introduced into Bengal without consideration of the 
bearing of the wide discrepancies between European and Indian conditions 
or apparently any knowledge of the scientific facts connected therewith. 
After nearly twenty yeai's of its use we find pebrine rampant not only in the 
districts but in the nurseries themselves, the confidence of the rearers in 
grainage seed practically non-existent, and the silk industry as a whole at a 
low ebb, as Professor Lefroy reports, mainly on account of the ravages of 
this disease. How^ far this condition of afiairs may be due to improper use 
of the European method and how^ far to its intrinsic unsuitability to Indian 
conditions it is difficult to say, hut the fact remains that without some drastic 
alteration in the method of providing disease-free seed the silk industry 'in 
India can only go from its present decadent condition to one of complete 
decay. The success of the industry in India like that of the majority of others 
in this country depends mainly upon the cheap and almost incidental produc- 
tion of the raw material ; the cheapness again depends largely upon the avail- 
ability of low* paid labour, that of otherwise unemployed women and children 
generally associated with cottage industries such as this may be considered. 
The cheapness of the raw^ material also depends upon the possibility of growing 
mulberry on land wEich cannot be more profitably occupied by other crops. 
It is this condition wEich is easily interfered with by the failure to provide 
disease-free seed, the use of wEich may frequently lead, wEen the w'orms, 
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owing to development of pebrine, live tlirongli all their larval siages in\]y to 
fail to spin, to loss not only of the labour of ^veeks but of the value of the 
mulberry leaf consumed. It cannot be a matter for surprise tliat as a result 
of sucb disappointment the rearer should turn from sericulture to more j^ro- 
dtable or at least less uncertain agricultural (H’C'U]>ati(ms. and tliat the laud 
under mulberry cultivation in Bengal has steadily h's.sened in urea. Much 
work remains to be done in this country to deteniiiiie the jiossibilities uf 
coping with infection both hereditary and contaminative ; no doubt su<‘h 
work will include observations on the increase of natural resistance to infec- 
tion, eitker by hybridization, selection, hill rearing amelioratnm ”) tr 
improved hygiene ; very encouraging results on tlicse lines have already 
been obtained by the writer, although the experiments have not been 
carried far enough at present for conc]usiv(‘ rcjMirt. One important 
aspect of future work must be the investigation of metliods, cither natural 
or artificial, of disinfection of grainages and, so far as may he frasihic, of 
rearing houses. In the writer’s opinion the success of this line of iiujuiry 
will largely depend upon further work upon the life-history of the juirasittN 
with special reference to the retention of viability by the .s])ore under Indian 
climatic conditions, and the mutual relationships of host and parasite. 



SUMMARY and CONCLUSIONS. 


(1) Use of the Pasteur method has failed in India to provide a supply 
of disease-free seed. 

(2) This is partly due to ignorant misapplication of the standard method, 
but largely to its unsuitability, without modification, under Indian conditions. 

(3) The wide utilization of multivoltine races in India introduces differences 
of a fundamental character which render unsuitable a system of examination 
designed for use on univoltine races in Europe. 

(4) A modified method of examination is recommended, based on the 
observed concentration of spores of the parasite in the gut of the moth. 

(5) The rationale of this method and its basis in the mechanism of infection 
and life-history of the parasite are described, 

(6) Owing to the conditions under which sericulture in India is mostly 
carried on, the provision of disease free seed of a much higher standard of 
purity than is necessary in Europe is emphatically required. This is due to 
the cumulative effect associated with the rearing of the numerous succesi^ve 
broods of the multivoltine races, which leads to rapid progressive increase 
of the disease in any infected rearing house. Completely disease-free seed 
can only be secured by the use of a m.uch more critical method of exanranation 
of the moth than that at present depended on. 

(7) Elimination or reduction in the amount of pebrine in India will depend 
not only upon stamping out hereditary infection but also upon measures 
calculated to reduce the incidence of contaminative infection. Further 
work upon the life-histoiy of the parasite, wdth special reference to the retention 
o£ vitality by the spore, is required to enable practical measures to be devised 
to deal wuth this problem. 

(8) A hopeful line of enquiry seems to be opened up by the results of some 
experiments on the increased resistance to infection caused by bill rearing. 
It seems probable that ‘‘ ameliorated ” seed obtained in this way w^ould con- 
stitute a valuable foundation for the introduction of better conditions in the 
industry. It is also suggested that hybridizing experim.ents should be carried 
out with a view" to determining the possibilities oj raising varieties of hybrids 
more resistant to infection. This w^ork and that of the production of amelior- 
ated seed of a high grade of purity should be carried out at a central research 
station ; this should be in a suitable situation in the hills and under the control 
of a biologist, 
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DETAILS OF EXPERIMENTS REFERRED TO IN TEXT. 

In all these experiments the controls were reared from part 
of the same laying or brood as that under treatment. 
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